Abstract: This research answers the question of how to measure the impact of different factors on real estate price. It is well known that the real estate price is influenced by many factors, however, how to determine the factors and evaluate the influence degree is an important problem. Most of the previous research used multivariate statistical model, this paper proposed a different way-Grey Relational Analysis (GRA). This paper selected 11 influencing factors from economic area, market area, cost area and social area. Then the method to identify the influence degree of factors based on GRA was proposed. In addition, for explaining application of the influencing factors, the case of Dalian in China is studied. The result is that the key influencing factors are gross domestic product, average wage of employed persons in construction, annual per capita disposable income of urban households and per capita building space of urban household. The GRA is an effective way to assess the impact of different factors on real estate price and provides a good tool for designers, users, decision makers and researchers.
INTRODUCTION
Real estate is a key factor in national economics. The real estate price is influenced by many different factors, which is a well known and more studied subject in literature. Researchers has studied the influencing factors from different aspects, such as national and regional macroeconomic factors [1] , real estate sub-markets [2] , environment quality on residential location [3] , policy actions [4] and population changes [5] Scholars often use multivariate statistical model to study the economic, which cannot explain the dynamic behaviors of economic [6] .
Grey theory, which was proposed by J.L. Deng, is one of the new mathematical theories widely applied in various fields of science. Grey theory has advantages in the fields of uncertainty fields, and it is an effective method used to solve uncertainty problems with discrete data and incomplete information. Grey relational analysis [7] drived form grey systems theory is a measurement method to determine the relationship between sequences using limited amounts of data. Grey Relational Analysis (GRA) is suitable for solving problems with complicated interrelationships between multiple factors and variables [8] , which has been widely applied to various field. For example, GRA was used to find out the relative importance of 4 different kinds energy consumption and economic growth [9] . A general sustainability indicator of renewable energy system is proposed to measure the sustainability of a renewable systems through GRA [10] . The "four elements and two hierarchies" model for advantages transformation are established and the methods to identify the key transformation factors are used by GRA [11] . A self-adaptation evaluation method in real time dynamics decision-making system is suggested based on grey close relationship [12] . About inter-enterprise cooperation and innovation in industrial clusters, a novel knowledge similarity degree based on GRA is proposed, and a dynamic evolution model of innovation net work is proposed [13] . This paper selected 11 different influencing factors of the real estate price, then a model based on GRA is established. After that, a case study of Dalian in China is applied, and the result and conclusion is summarized.
SLECTION OF FACTORS
This paper focuses on the real estate price and the influencing factors of it, by studying the literature and investigation, this paper has chosen 11 factors in 4 different areas, which are economic area, market area, cost area and social area, as shown in Table 1 .
INFLUENCING MODEL BASED ON GRA
To model the influencing factors of real estate, the first step is normalize all the factors and real estate price on the interval [0,1]. Then, the grey relational coefficients are calculated. After that, the grey relational grades are computed. The final procedure is to order the factors and analysis the evaluation results.
Normalization of the Original Values
The original sequences which have different dimensions and magnitudes couldn't be compared directly, so they should be converted to a comparable sequence which is generally dimensionless.
The algorithm of GRA is defined as follows. Let the sequences for comparison are
There are three different normalization methods for different situations:
for the greater the better situation, the normalization is:
for the smaller the better situation, the normalization is:
for the ideal value which is represented as x0 is the better situation, the normalization is:
Calculation of the Grey Relational Coefficients
The grey relational coefficient between the normalized comparative sequence Xi and the reference sequence X0 is defined as:
where is deviation between X0 and Xi:
is the distinguishing coefficient, (0,1), usually, =0.5.
Calculation of the Comprehensive Coefficient
The grey relational grade for the sequence of Xi is calculated by averaging the grey relational coefficients as follows:
The grey relational grade i defines the effect of comparative sequence to the tendency of reference sequence, and the comparative sequence are ordered by it.
CASE STYDY
In this study, we used GRA in order to find out the importance of influence factors on real estate price for Dalian in China. We defined that the average selling price of commercialized buildings as X0, and the unit of it is yuan/m 2 . We used 2007-2012 data as shown in Table 2 for calculations to compute the GRA between real estate price and the influencing factors. By racking the factors, we try to show the influence degree of different factors and which are the important factors influencing real estate price for Dalian.
At first we normalized the original sequences and attained the values in the Table 3 . We used the greater the better for all the sequences.
Then we calculated the grey relational coefficients, in the last step of calculations we computed grey relational grades by averaging the grey relational coefficients for each comparative sequence. Grey relational coefficients and grey relational grades as well as rankings of them are shown in Table 4 . 
RESULTS
The grey relational coefficients quantify the relationship between the factors and real estate price. The value of the coefficients is higher, the relational degree of the factor with real estate price is higher. The calculated result are shown in Fig. (1) .
Results of 11 Grey Relational Coefficients
The factors which are above 0.8 are selected as the key influential factors for real estate price. In this case, there are 6 factors are selected, they are X1 (gross domestic product), X9(average wage of employed persons in construction), X2(annual per capita disposable income of urban households), X11(per capita building space of urban household), X3(annual per capita consumption expenditure of urban households) and X4(real estate investment complete this year).
The grey relational coefficients of economic factors reflect the influencing degree of economic factors acting on real estate price. The higher the coefficients, the stronger is the impact. As can be seen in Table 4 , all the economic factors are in the top 5 factors, which means economic factors have a close relationship with real estate price. Two factors (X1 and X2) in economic area are key influential factors. The factor X1 (gross domestic product) is the highest in the 11 factors, which means the GDP plays an important role on real estate price. As we know that real estate becomes pillar industry of national economy, it is consistent with the current situation. The other factors X2 (annual per capita disposable income of urban households) and X3 (annual per capita consumption expenditure of urban households) which describes disposable income and consumption expenditure of urban households are ranked third and fifth.
Market factors reflect the real estate market volatility which act on the real estate price in a direct way. Factor X5(floor space of commercialized building sold) is the lowest in the 11 factors. Factor X4(real estate investment complete this year) is ranked sixth and factor 6(floor space complete) is ranked eighth. The grey relational coefficients of cost factors reflect the direct cost of real estate. In the three factors, X9(average wage of employed persons in construction) is the highest and also the second highest in the 11 factors, so it is also key influential factors. It shows that average wage of employed persons in construction is the important element in the real estate cost, which is consistent with the current situation that high wage of employed persons promote the real estate price. The result of factor X8(purchasing price index for building materials) is close to factor X7(average price of land purchased), and they are relatively ranked ninth and tenth.
The grey relational coefficients of social factors reflect the regional social situation which will influence real estate price. Factor X11 (per capita building space of urban household) is racked forth, which means the basic living condition of urban household, and it is also key influential factors. It shows that basic living space of urban household has impor-tant effects on real estate price. Factor 10(total population of a country or region) is racked seventh, which is a index reflecting the amount of people in a country or region.
Results of the Four Areas
The final results of economic factors, market factors, cost factors and social factors are summarized in Fig. (2) . The economic factors is the highest (0.8422), the second is the social factors (0.8042), the third is the cost factors (0.7533), and the last is the market factors (0.7158). It is found that all the four areas factors have relatively high relational coefficients (over 0.7), while the economic factors and social factors are higher (over 0.8), which means that economic factors impact on the real estate price most, second is market factors, third is cost factors and at last is market factors. This is in accordance with the results of 11 grey relational coefficients.
CONCLUSION
This study develops the influencing factors of real estate price, which include four areas: economic factors, market factors, cost factors and social factors. Through normalizing the selected eleven factors and calculating the grey coefficients of the eleven factors in the above four areas, the key influential factors are X1 (gross domestic product), X9 (average wage of employed persons in construction), X2 (annual per capita disposable income of urban households) and X11(per capita building space of urban household). In the four key influential factors, two are in economic areas, cost and social area has one separately. In the four areas, economic factors is the highest (0.8422), the second is social factors (0.8042), the third is cost factors (0.7533), and the last is market factors (0.7158).
However, this indicator is only proper for Dalian in China and current situations, with the economic development and the change of market, cost and social environment, the real estate price would also change, and the selected factors would also change. As a result, the final result of the research would be different to the description as discussed above.
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